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Background
Eosinophil specific granules contain four distinct cationic proteins, named major basic protein (MBP), eosinophil peroxidase (EPO), eosinophil cationic protein (ECP) and eosinophil-derived neurotoxin (EDN), whose extracellular release may cause dysfunction and destruction of surrounding cells (reviewed Gleich et al. 1992) . In addition to these toxic proteins, eosinophil specific granules also store at least two-dozen of pre-formed cytokines and chemokines with pro-inflammatory or immunoregulatory properties. By a variety of techniques, such as subcellular fractionation, immunogold electron microscopy, and immunocytochemistry, a growing list of cytokines has been found within human eosinophil granules, including: (a) prototypical Th1 cytokines: IL-12 (Grewe et al. 1998 ) and IFN-γ (Lamkhioued et al. 1996) ; (b) prototypical Th2 cytokines: IL-4 (Moller et al. 1996b) , IL-5 (Dubucquoi et al. 1994 , Moller et al. 1996a , Desreumaux et al. 1998 ) and IL-13 (Woerly et al. 2002) ; (c) chemokines: RANTES , Ying et al. 1996 , IL-8 (Braun et al. 1993) , and eotaxin (Nakajima et al. 1998 ); (d) growth factors: granulocyte/macrophage colony-stimulatin factor (GM-CSF) (Levi-Schaffer et al. 1995 , Desreumaux et al. 1998 , IL-3 (Desreumaux et al. 1998) , vascular endothelial growth factor (VEGF) (Horiuchi & Weller 1997) , transforming growth factor (TGF)-α (Egesten et al. 1996) and stem cell factor (SCF) (Hartman et al. 2001) ; (e) pro-inflammatory cytokines: tumor necrosis factor (TNF)-α (Beil et al. 1993 ) and Financial support: NIH grants (AI20241, AI22571, and HL-56386) (Lacy et al. 1998) ; and (f) immune-regulators: IL-16 , IL-2, and IL-10 (Woerly et al. 1999) .
In view of such diverse functional potentiality, eosinophil degranulation is a critical process by which eosinophils may damage, activate or down-regulate the neighboring cells. Hence, it was hypothesized that not all granule proteins are concomitantly released from eosinophils. Conversely, a regulated mechanism to specifically select and release proteins from eosinophil granules may exist. Ultrastructural observations, made in the beginning of the 1990s, strongly support such hypothesis (vide infra; (Dvorak et al. 1991 (Dvorak et al. , 1992 . However, it was only during the last decade that the question of "how distinct cytokines, packed together within specific granules, are differentially released by eosinophils?" started to be addressed systematically. In this review, we considered the evolving understanding of the mechanisms of eosinophil degranulation, focusing on the critical role of the vesicular transport, as well as, the intracrine regulation by cysteinyl leukotrienes.
How do eosinophils release stored proteins?
In human eosinophils, the secretion of cytokines may occur via different pathways (Fig. 1) . Eosinophils can release newly synthesized cytokines by the constitutive pathway; a process readily blocked by inhibitors of protein synthesis such as actinomycin D or cycloheximide ( Fig. 1; top panel) . Release of newly formed cytokines is dependent on vesicular transport, both at the ER/Golgi compartments and between the Golgi and the cytoplasmic membrane. Therefore, brefeldin A and monensindrugs that by distinct mechanisms inhibit vesicle formation -also can disrupt this kind of cytokine release. Eosinophils may take hours to synthesize and release newly formed cytokines after a specific stimulation (e.g. fibronectin-induced GM-CSF release by eosinophils); (Anwar et al. 1993 , Meerschaert et al. 1999 ), but the constitutive pathway is typical of lymphocytes, and does not represent the main form of eosinophil cytokine secretion.
Inasmuch as eosinophils store pre-formed cytokines within their specific granules, they can release cytokines without employing a lengthy process of de novo synthesis. In particular conditions, eosinophils appear to undergo a process of "exocytotic degranulation" (e.g. against parasites); (Scepek et al. 1994 ). This secretory pathway allows, for instance, the release of granule-derived toxic proteins onto helminth surfaces by eosinophils, but does not enable them to differentially release their granulestored cytokines. By exocytosis, eosinophils discharge their entire granule content by directly fusing the granular membrane (of a single granule or multiple fused granules) to the cytoplasmic membrane ( Fig. 1 ; middle panel). Exocytic degranulation is an acute event that does not depend on protein synthesis or vesicular transport. Pharmacological maneuvers to disrupt such potentially damaging process were not yet identified. Under appropriate stimulation, mast cells can professionally perform exocytosis (Hide et al. 1993) , while eosinophils appear to master another kind of degranulation.
By analyzing ultrastructural images of tissue samples, Dvorak et al. (1991) identified a new secretory pathway by which the eosinophil granule proteins are mobilized and released by a mechanism that: (i) does not involve the wholesale secretion of granule content like in exocytosis; (ii) leaves behind partially empty membrane-bound granule chambers; and (iii) depends on the trafficking of small vesicles. This vesicular transport-based process, named "piecemeal degranulation", enables eosinophils to perform the differential release of granule-derived cytokines ( Fig. 1; bottom panel) . Therefore, drugs that control vesicle formation (e.g. brefeldin A), trafficking (e.g. inhibitors of myosin), or docking/fusion (e.g. tetanus and botulinum neurotoxins) to plasma membrane, should block eosinophil piecemeal degranulation. Although it is not clear how vesicles are loaded with eosinophil granule contents, at least two distinct mechanisms have been suggested: docking/fusion of pre-existing cytoplasmic vesicles to eosinophil granules (Logan et al. 2003) or "budding" of new vesicles from eosinophil granule membranes (Feng et al. 2001) . Piecemeal degranulation appears to be the major secretory pathway of eosinophils. There is in vivo evidence that murine eosinophils can rapidly (within minutes) release IL-4 to initiate a Th2 response to Schistosoma mansoni infection (Sabin & Pearce 1995 , Sabin et al. 1996 . Nevertheless, piecemeal degranulation is not restricted to eosinophils, since it is also exhibited by other leukocytes such as professional exocytotic mast cells (Crivellato et al. 2002) .
Recently, laboratories around the world have achieved considerable advances unveiling key features of eosinophil piecemeal degranulation (for review see Logan et al. 2003) . By using different technical strategies, including immunogold analysis, ELISA, subcellular fractionation, two-color confocal microscopy and EliCell, the path of granule-derived cytokines to the extracellular compartment of properly stimulated eosinophils was tracked. For instance, Lacy et al. (1999) reported that RANTES may be rapidly mobilized and selectively released from eosinophils by piecemeal degranulation upon IFN-γ stimulation (Lacy et al. 2001) , since vesicles transported it for release by a mechanism controlled by the vesicle-associated membrane protein-2 (VAMP-2), a member of SNARE (Nethylmaleimide-sensitive factor attachment protein receptor) family, which is a key molecule to vesicle docking/ fusion with membranes. Selective release for eosinophil granule-derived cytokines was also observed by Woerly et al. (1999 Woerly et al. ( , 2002 . They demonstrated that cross-linking of surface CD28 induces release of biologically active IL-2, IFN-γ and IL-13, whereas plate-bound secretory IgA complexes induce release of IL-10 from eosinophils.
To study eosinophil degranulation, we have developed a new methodology that better suits the evaluation of the mechanisms of eosinophil degranulation based on The available methods did not appear proper to access all the complex features of eosinophil piecemeal degranulation, since: (a) vesicular transport will mobilize selected granule proteins and release them progressively in small packets in the microenvironment around the eosinophil, that may not be readily detectable in fluid phase assays of supernatants by ELISA, especially early in the release process, because overall levels in the supernatant fluids are too low for assay and/or because some proteins remain bound to eosinophils (as shown for EPO); (b) tissue eosinophils are adherent cells that interact with elements of the extracellular matrix, to recapitulate responses of tissue eosinophils, would be advantageous to study eosinophils in an appropriate gel-phase matrix; and (c) conventional ELISPOT assays routinely permeabilize cultured cells, such as lymphocytes, to detect newly formed cytokines or immunoglobulins (King et al. 1990 ), these assays are not suitable for eosinophils, which contain preformed cytokines and other granule proteins. Thus, to detect only extracellularly released proteins by immunostaining, eosinophils must remain viable and impermeant to detecting antibodies. Altogether, the study of eosinophil vesicular transport as a means to mobilize preformed eosinophil granule cytokines and other proteins required new experimental assays. The new methodology, that we developed, sensitively evaluates extracellular release of eosinophil granule-derived cytokines. The EliCell is a microscopic dual-antibody capture and detection system in which viable eosinophils are incubated in a gel matrix (Bandeira-Melo et al. 2000 .
Our group, by employing the EliCell technique, has identified physiological stimuli that trigger piecemeal degranulation by eosinophils:
1 -Physiological stimulation of eosinophils by the CC chemokines eotaxin or RANTES induces IL-4 release by a non-cytotoxic mechanism (Bandeira-Melo et al. 2001b) . Of note, the CXC chemokine IL-8 or the Th1 cytokine IFN-γ did not elicit IL-4 release, suggesting that distinct signaling cascades may function to selectively mobilize at least the cytokine proteins stored preformed in eosinophil granules. Eotaxin-induced IL-4 release was potentiated by IL-5 and mediated by G protein-coupled CCR3 receptors. It was also a very rapid phenomenon, apparent within 5 min, and not diminished by transcription or protein synthesis inhibitors (actinomycin D and cycloheximide), confirming that the IL-4 detected extracellularly was not released by the constitutive pathway. Consistent with piecemeal degranulation, eotaxin-induced IL-4 release was suppressed by brefeldin A, an inhibitor of vesicle formation. Therefore, we concluded that CCR3-mediated signaling can rapidly mobilize IL-4 stored pre-formed within human eosinophils for release by piecemeal degranulation;
2 -IL-16 induces IL-4 release through the eotaxin/ RANTES-driven signaling pathway described above (Bandeira-Melo et al. 2002) . IL-16, a recognized eosinophil chemoattractant (Rand et al. 1991) , dose dependently (0.01-100 nM) elicited a brefeldin A-inhibitable, vesicular transport-mediated release of pre-formed IL-4 from eosinophils. Treatments with anti-CD4 Fab, soluble CD4, or a CD4 domain 4-based IL-16 blocking peptide inhibited IL-16-induced IL-4 release by eosinophils, indicating that IL-16 induces piecemeal degranulation via its recognized receptor CD4. Although CD4 is not a G-protein coupled receptor, pertussis toxin inhibited IL-16-induced eosinophil activation. IL-16 actions were found to be mediated by an autocrine activity of endogenous CCR3-acting chemokines. In fact, IL-16 induced the rapid vesicular transport-mediated release of RANTES, which preceded IL-4 release. The effects of IL-16 were blocked by CCR3 inhibitors (met-RANTES, anti-CCR3 mAb) and by neutralizing anti-eotaxin and anti-RANTES monoclonal antibodies. Therefore, IL-16 activates CD4 molecules expressed on eosinophil surface to elicit very rapid piecemeal degranulation of RANTES and eotaxin, which then in an autocrine fashion act on plasma membrane CCR3 receptors to stimulate vesicular transport-mediated release of IL-4 from eosinophils; 3 -Stimulation of eosinophils through the surface molecules CD9 or LIR7 triggered release of IL-12 (Tedla et al. 2003) . Stimulation through CD9 or LIR7 was detectable by 15 and 60 min, respectively. The rapid release of IL-12 in response to engagement of LIR7 or CD9 suggested the release of pre-formed cytokines by a process of vesicular transport. Consistent with this mechanism, pre-treatment of eosinophils with cycloheximide did not inhibit IL-12 release in response to CD9 or LIR7 cross-linking, indicating that IL-12 was pre-formed rather than generated de novo. In contrast, release of IL-12 after engagement of LIR7 or CD9 was blocked by pre-treatment of the cells with brefeldin A, which disrupts the formation of vesicles. Therefore, piecemeal degranulation is also the secretory pathway involved in IL-12 released triggered by the crosslinking of CD9 or LIR7.
In vitro, non-physiological stimulation of eosinophils with either serum-coated beads, IgA immune-complexes, or calcium ionophore A23187 , Nonaka et al. 1995 , Bjerke et al. 1996 can lead to non-selective secretory processes that may be exocytotic and/or cytolytic (Fukuda et al. 1985 , Weiler et al. 1996 . By using the EliCell assay, we confirmed that the calcium ionophore A23187 stimulated the release of both IL-12 and IL-4, detectable extracellularly around eosinophils exhibiting morphological signs of exocytotic/cytolytic process and cell damage (Bandeira-Melo et al. 2001b , Tedla et al. 2003 . Consistently, brefeldin A had no effect on the release of IL-4 or IL-12 from A23187-stimulated eosinophils. Cytolysis is a process related to cell death (also called "necrosis") by which cell membrane (and sometimes organelle membrane) is ruptured and specific eosinophil granules are liberated into the surrounding tissue. Of note, there are some reports showing that, in human diseases, intact membrane-bound eosinophil granules accumulate into tissues while granule-derived toxins distribute in the eosinophil cytoplasm as granules disintegrate during cell disruption (Gleich et al. 1984 , Davis et al. 1998 , Erjefalt et al. 1999 , indicating that besides piecemeal degranulation, eosinophils can undergo "cytolysis". Whether the mechanisms involved in generating cytolytic eosinophils in vivo are accidental or regulated need to be investigated.
Altogether, these findings demonstrated that piece-meal degranulation by eosinophils is a very rapid, but highly regulated vesicular process. In addition they support the concept of stimulus-dependent release of eosinophil pre-formed cytokines.
Are pre-formed IL-4 and IL-12, cytokines with opposing functions, released alongside by eosinophils?
Conceptually, differential release is a possible outcome of piecemeal degranulation by which granule-derived toxins versus cytokines or cytokines with opposing functions are not secreted alongside. In practice, differential release of eosinophil granule content was first indicated by ultrastructural analysis of in vitro differentiated-eosinophils showing within the cytosol some membranebound semi-emptied granule chambers, free of matrix proteins (e.g. EPO), but with residual crystalloid core (Dvorak et al. 1992) . Differential release of eosinophil granule-derived proteins requires a refined system of picking specific cytokines stored together within eosinophil granules to be packed into transporting vesicles. Although the mechanisms involved in choosing specific proteins at the interface between granule and vesicle are still not well defined, few features of this process have been recognized, including its high speed, pre-existence of regulatory proteins (no need of new synthesis) and stimulus specificity.
We have also confirmed the hypothesis that the vesicular transport-mediated process of eosinophil degranulation can be highly selective. For instance, the IL-16-initiated transport of RANTES occurred in vesicles that were not loaded with IL-4. RANTES release preceded release of IL-4, which only later was packed in vesicles formed in response to the CCR3-active chemokines (Bandeira-Melo et al. 2002) . Additional selectivity in the regulated release of eosinophil-derived cytokines was evident in the release of IL-4, but not of IL-12, by the IL-16-or CCR3 chemokine-activated eosinophils (BandeiraMelo et al. 2002 , Tedla et al. 2003 . Moreover, the crosslinking of eosinophil surface molecules CD9 or LIR7 triggered differential release of IL-12, but not IL-4, by a process of piecemeal degranulation, by which transporting vesicles selectively secreted IL-12 (Tedla et al. 2003) . These results are summarized in Fig. 2 and indicate that eosinophil granule-derived IL-4 and IL-12 may have mutual exclusive mechanisms of vesicle secretion. Inasmuch as IL-4 favors the development of Th2 responses, whereas IL-12 favors the development of Th1 responses (Romagnani 1997 ) the selective release of IL-4 in response to eotaxin is consistent with the proposed role of that chemokine in Th2-dependent eosinophilic inflammation (Rothenberg et al. 1999 ). On the other hand, the specific release of IL-12, but not IL-4, from eosinophils in response to engagement of CD9 or LIR7 suggests a possible function for these orphan receptors in tempering Th2 cell-dependent inflammatory responses and indicates that the counter-regulatory function of the LIRs may not be confined to the inhibitory members of this family of receptors (e.g. inhibitory LIR3 also expressed on eosinophil membrane; Tedla et al. 2003) .
Other examples of differential release of specific cytokines from eosinophils by piecemeal degranulation triggered by distinct stimulatory conditions are: (a) rapid vesicle-mediated release of RANTES elicited by IFN-γ stimulation, which fails to induce concomitant release of MBP (Lacy et al. 1999) (Woerly et al. 1999 (Woerly et al. , 2004 ; and (d) release of biologically active IL-13 induced by cross-linking eosinophil surface CD28, that does not trigger IL-10 release (Woerly et al. 2002) . Additional evidence of differential release of eosinophil granule-derived cytokines came from a pharmacological study investigating potential direct effects of the anti-allergic drug suplatast tosilate on eosinophil activation (Woerly et al. 2004) . Upon activation by cross-linking CD28 expressed on eosinophil membrane, the release of the Th2 cytokine IL-13 from eosinophils was inhibited by the treatment with suplatast tosilate, whereas release of IL-2 and IFN-γ was not affected. These data indicate that even though the release of IL-13 versus the Th1 cytokines is triggered by the same stimuli, distinct intracellular mechanisms control their piecemeal degranulation.
How does lipid body-derived LTC 4 control eosinophil cytokine release?
The yet poorly understood mechanism of piecemeal degranulation of cytokines by eosinophils is a highly regu- lated phenomenon that involves a cascade of intracellular events. Specific receptor-driven downstream signaling appears to rapidly define which granular proteins will be selectively loaded within secretory vesicles. What signaling molecules control such sophisticated process? Several molecules have been identified as critical to vesicle budding, trafficking and docking, including membraneassociated proteins known as SNAREs, syntaxin-binding proteins (Sec1/Munc18), protein kinases (PKCs) and Rab GTPases (for complete review see Logan et al. 2003) . Naturally, other molecules should be involved in such complex phenomenon and need to be characterized.
We have investigated the role of the endogenous leukotriene (LT)C 4 in piecemeal degranulation by eosinophils. Eosinophils are a major source of LTC 4 -the principal product of the 5-lipoxygenase (5-LO) pathway of arachidonic acid metabolism in these cells (Weller et al. 1983 ) -which with its extracellular derivatives LTD 4 and LTE 4 play key roles in the pathogenesis of asthma and other allergic inflammatory diseases (Christie & Henderson 2002) . As illustrated in Fig. 3 , distinct receptor-initiated signaling pathways that elicit the vesicular transport-mediated release of the pre-formed cytokines IL-4 or IL-12, also induce LTC 4 production by eosinophils. Interestingly, we have noticed that depending on the stimulus, the localized synthesis of LTC 4 may take place at distinct intracellular sites within eosinophils and may control the role of this mediator as either an intracrine signal-transducing mediator that regulate piecemeal degranulation, or as an autocrine/paracrine agent in allergic inflammation (for review see . Specifically, we verified that eosinophil stimulation with IL-16 and CCR3-activating chemokines elicited LTC 4 production within lipid bodies (Bandeira-Melo et al. 2001a, b) -cytoplasmic organelles rich in lipids, whose formation is highly regulated and have functions in eicosanoid production and storage of inflammatory proteins (vide infra; for review see Bozza & Bandeira-Melo chapter in this same issue). Distinctly, cross-linking of CD9 and LIR7 induce LTC 4 synthesis at the eosinophil perinuclear membrane (Tedla et al. 2003) .
A further distinguishing feature of IL-4 versus IL-12 piecemeal release from eosinophils is the regulation by endogenous 5-LO metabolites. While IL-4 release induced by IL-16 and CCR3-activating chemokines is dependent on the formation of new 5-LO pathway-derived eicosanoids, IL-12 released induced by cross-linking of CD9 or LIR7 does not appear to be regulated by a 5-LO metabolite (Fig. 3) . Pre-treatment with two mechanistically distinct inhibitors of 5-LO (AA861 and MK886) blocked IL-16-, eotaxin-, and RANTES-induced LTC 4 production and IL-4 release from eosinophils. In contrast, pre-treatment of eosinophils with either AA861 or MK886, that as expected impaired LTC 4 production at eosinophil perinuclear membrane, did not inhibit the selective release of IL-12 induced by the cross-linking of CD9 or LIR7 (unpublished data). Thus, eosinophil-derived 5-LO metabolites mediate CCR3 chemokine-initiated signaling to release IL-4, but do not participate in CD9-or LIR7-driven selective IL-12 release.
To verify whether the 5-LO-derived eicosanoid, generated in response to CCR3 activation and involved in IL-4 secretion from eosinophils, corresponded to endogenously synthesized LTC 4 (Bandeira-Melo et al. 2002) , we have directly stimulated eosinophils with exogenous LTC 4 . Because LTC 4 is synthesized intracellularly at cytoplasmic lipid bodies within IL-16-, eotaxin-, or RANTESstimulated eosinophils and is not permeable across the plasma membrane, we investigated whether LTC 4 acting intracellularly could trigger IL-4 release. To investigate such potential intracrine signaling, we permeabilized eosinophils in order to allow impermeable LTC 4 to enter eosinophils. LTC 4 induced IL-4 release from permeabilized eosinophils, but not from intact eosinophils. Moreover, stimulation of permeabilized eosinophils with LTC 4 did not elicit IL-12 release. Like in IL-16-, eotaxin-, and RANTES-stimulated eosinophils, LTC 4 -induced IL-4 release from permeabilized eosinophils was morphologically consistent with vesicular transport and significantly inhibited by brefeldin A, indicating that a vesicular transport-mediated process was also responsible for LTC 4 -elicited selective secretion of IL-4.
Overall, intracellular 5-LO-derived LTC 4 formed at lipid bodies appears to function as an intracrine, and not extracellular autocrine/paracrine, mediator to regulate the differential secretion of IL-4 induced by IL-16, eotaxin, or RANTES. On the other hand, intracellular 5-LO-derived LTC 4 formed at perinuclear membrane appears not control the selective IL-12 release induced by the cross-linking of CD9 or LIR7, and may function as a autocrine/ paracrine mediator of inflammation. The capacity of eosinophils to synthesize LTC 4 at two distinct compartments,selective cytokines from eosinophils is based on the activation of intracellular lipid body-derived LTC 4 signaltransducing pathways.
Are pre-formed cytokines stored within other eosinophil intracellular compartments?
In human eosinophils, pre-formed cytokines appeared to be stored in at least two distinct intracellular compartments other than eosinophil specific granules. Eosinophils have a distinctive vesicular compartment that appear to stock pre-formed cytokines. Lacy et al. (1999) showed the existence of an extragranular pool of preformed RANTES stored within small secretory vesicles. Using an elegant approach, they showed that the release of vesicle-stored RANTES preceded the piecemeal degranulation of granule-stored RANTES after IFN-γ stimulation, indicating that eosinophils have a complementary vesicle-mediated mechanism for rapid release of extragranular stored cytokines.
A third intracellular compartment of cytokine storage within eosinophils is the cytoplasmic lipid body. As mentioned before, lipid bodies are lipid rich organelles that have roles on eicosanoid synthesis. But relevant to other lipid body functions is the knowledge that leukocyte lipid bodies contain several functionally diverse types of proteins, including structural proteins (e.g. the PAT proteins perilipin, ADRP and TIP47), eicosanoid-forming enzymes (such as cPLA2, 5-LO, 15-LO, COX and LTC 4 synthase), kinases (e.g. the MAP kinases ERK1, ERK2, p85 and p38), metabolic enzymes, proteins of Rab family and small GTPases, and therefore lipid bodies besides regulating eicosanoid synthesis may control lipid metabolism, membrane trafficking and intracellular signaling (Dvorak et al. 1994 , Bozza et al. 1997 , Heid et al. 1998 , Brasaemle et al. 2004 , Fujimoto et al. 2004 , Liu et al. 2004 . Additional immunoregulatory functions can also be postulated to lipid bodies, since they also store growth factors, cytokines and chemokines. The first cytokine found within lipid bodies was tumor necrosis factor-alpha (TNF-α). TNF-α was detected within cytoplasmic lipid bodies of several cell types present on colonic Crohn's disease biopsies, including infiltrating eosinophils (Beil et al. 1993) . Recently, TNF-α was also found within lipid bodies of circulating neutrophils of septic patients and murine infiltrating neutrophils of experimentally induced sepsis (Pacheco et al. 2002) . Cytoplasmic lipid bodies of isolated human lung mast cells contain the basic fibroblast growth factor (bFGF), also found within mast cell secretory granules . Specifically within eosinophils, the presence of TNF-α (Beil et al. 1993 ) and the lymphocyte chemoattractants RANTES and IL-16 has been detected at lipid bodies. It is noteworthy that TNF-α, RANTES and IL-16 are largely stored within eosinophil specific granules. If lipid bodies represent additional subcellular storage compartments for cytokines within eosinophils, alternative release routes for a cytokine distinct of vesicular transport-mediated secretion may exist. Of note, lipid bodies do not contain a typical membrane of phospholipid bilayer. Instead, they are surrounded by a monolayer of phospholipids and structural proteins (Heid et al. 1998 , which may not allow that vesicles "bud from" or vesicles "dock to" lipid bodies. Therefore, cytokines stored within cytoplasmic lipid bodies may not be released from eosinophils by piecemeal release or not be released at all. Like lipid bodyderived LTC 4 , lipid body-stored cytokines may also function as intracrine signaling mediators.
Concluding
Eosinophils are prominent in Th2-driven immune responses, including asthma and allergic and parasitic diseases. As inflammatory cells, eosinophils contribute to the pathogenesis of allergic inflammation by secreting toxic granule proteins and lipid mediators. In addition to their roles in acute inflammation, eosinophils are now recognized as immuno-modulatory cells, since they have the ability to interact with T and B lymphocytes. Eosinophil/ lymphocyte interactions are achieved via direct stimulation by co-stimulatory surface proteins expressed on eosinophils (e.g. CD40, CD28, CD86 and MHC class II) , Ohkawara et al. 1996 , Woerly et al. 1999 , or via indirect stimulation by cytokines secreted by eosinophils. Interestingly, inasmuch as airway eosinophils can traffic back to regional lymph nodes and effectively present airway-derived antigens to elicit proliferation of CD4 + T cells (Shi et al. 2000) , local release of IL-4 or IL-12 by eosinophils within lymph nodes, the thymus or other sites may also modulate the response type of lymphocytes. The appreciation of the vast cytokine biosynthetic, compartmentalizing and functional capacity of eosinophils identifies the mechanisms of cytokine secretion by eosinophils as a critical target for further studies. New therapeutic approaches for the treatment of eosinophil-related pathologies, including allergic diseases, could be aided by the development of agents that target specific eosinophil secretory pathways, such as piecemeal degranulation.
